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By Howard L. Turner  and  George E. Cooper 

SUMMARY 

A brief  investigation  was  made of the  longitudinal-stability 
characteristics of a YF'"84A airplane (Army Serial No. 45-79488). 
The  airplane  developed a pitching-up  tendency  at  approximately 0.80 
Mach  number  which  necessitated  large  push  forces  and  down-elevator 
deflections  for  further  increases  in  speed. In steady  turns  at 
35,000 feet  with  the  center of gravity  at 28.3 percent  mean  aerc- 
dynamic  chord  for  normal  accelerations  up  to  the  maximum  test  value, 
the  control-force  gradients  were  excessive  at  Mach  numbers  over 
0.78. 

INTRODUCTION 

A brief  longitudinal-stability  and  "control  investlgation  was 
conducted on a Republic YF&A airplane to determine  if  any 
seriow problems associated with  high Mach number  flight  would  be 
encountered.  It  was  known  prior to this  investigation that more 
or less violent  pitch-upe  at  high  Mach  numbers  had  been  experienced 
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on these  airplanes  (reference  1).   For  this  investigation, emphasis 
was placed on exploring  the Mach  number range frm 0.75 t o  the maxi- 
mum Mach  number  deemed practicable. 

Since  maintenance diff icul t ies   l imited  the test f l i g h t s   t o  
five,  including  the  airspeed  calibration  flights,  and a long  delay 
was anticipated  before  the Mach number range could be  extended 
beyond M = 0,84, the data obtained in  this  exploratory phase of the 
program was analyzed and is presented  herein. 

Low-epeed"wind-tunnel data on a model of the XP-84 is available 
in  reference 2. 

DESCRIPTION OF TIE AIRPLANE 

The YF*A airplane is a single-seat,  jet-propelled,  fighter- 
type  airplane. A general three-view  drawing is shown in  f igure 1. 
The principle dimensions of the  airplane  are  given  in  table I. 
Figures 2 and 3 are  photographs of the  airplane  as  tested. 

No tests were made with  the  t ip tanks installed.  

!TEST APPARATUS AM) F'RECISION 

Standard NACA film recording  instruments were used t o  measure 
a l l  of the  quantities  presented in t h i s  report. The airspeed 
ins ta l la t ion  was calibrated and  corrected f o r  the  blocking  effect  
of the  airplane  and of the  airspeed head i t s e l f  

The f u e l  consumption  sequence was such that   the  nominal t e s t  
center-of-gravity  position was approximately 28.3 percent M.A.C. 

The following  quantities were estimated t o  be known within  the 
given  values : 

Mach  number +o . 005 - 
Elevator  angle,  degrees +o .2 - 
Elevator  force, pounds - + 2under 30 pounds 

- +5 over 30 pounds 

Normal acceleration, g +O 05 - 
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TEST RESULTS AND DISCUSSION 

The f l i g h t  data were obtained  with  the  airplane  in  steady, 
unaccelerated  f l ight,  wings level,  at a l t i t udes  of 15,000 and 
35,000 f ee t ,  and in   s teady  turns  a t  35,000 fee t .  The r e su l t s  of 
these   t es t s  are presented  in  f igures 4 t o  6 .  

Balance Changes Due t o  Mach  Number 

Steads  unaccelerated  f1iRht.- The variation  with Mach  number 
of the  elevator  control  force and the  elevator  deflection  required 
for  balance  in  steady  unaccelerated  f l ight axe  presented in   f i gu re  
4. These data  indicate a large nose-up change i n  balance  occurring 
a t  approximately 0.80 Mach number. This  appears t o  be purely a 
Mach  number e f fec t ,  as shown  by the  s imilar i ty  of the  curves  of 
f igure 4 at both l5,OOO and 35,000 feet .  Any ef fec ts  of aeroelas- 
t i c i t y  would be  evidenced by sizable  deviations of the two curves 
below 0.79 Mach number. 

The pilot  experienced no par t icular   dif f icul ty ,   o ther   than  the 
increasing of the  control  force  with Mach number, i n   f l y i n g   t o   t h e  
highest   tes t  Mach nmber at 35,000 feet .  It i s  evident from 
f igure 4 that  only a small increase  in  Mach  number  would be possible 
a t  t h i s   a l t i t u d e  and t r i m  tab  set t ing  before   the  control   force 
would become excessive. It appears   that   to   a t ta in   higher  Mach 
numbers it would be necessary t o   f l y  at a l t i t udes  above 35,000 fee t .  
A t  15,000 feet ,   the   control   force a t  0.825 Mach  number was excessive 
(80 l b )  and ef fec t ive ly  limited the maximum speed t o  which the 
airplane  could be flown wi th  the trim tab se t   fo r   t r im  at  0.795 
Mach number. 

Steady  turning  flight." The var ia t ion of the  elevator  deflec- 
t i o n  and the  elevator  control  force  with normal acceleration as 
measured in   s teady  turning  f l ight  at various  test  Mach numbers is 
presented  in  f igure 5. The airplane was trimmed at lg for each 
t e s t   k c h  numBer with  the  exception of t h e   t e s t  Mach numbers of 
0.83 and 0.84, The t r i m  tab  was not  powerful enough t o  trim at lg 
for  these  speeds, so mximum nose-down trim was used. 

Figure 5 shows tha t   the  normal acceleration  factor  increased 
approximately  proportional to   the  e levator   control   force up t o  about 
3.Og. Above this  point  the  force  curve slope dropped off and became 
negative at approximately 3.38 for the  higher Mach numbers. However, 
the  control   forces   did  not  change sign  over  the  range  tested. 
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The  elevator  control-force  gradients  over  the k c h  number  range 
of 0.70 to 0.84 at  three  normal  accelerations  are  given in figure 6.  
With  the  center-of-gravity  position  at  approximately 28.3 percent 
M.A.C., the  control-force  gradients  exceed  the  maximum  allowable 
gradient,  based on a design  load  factor of 7.33g (reference 3, 
section %"2), at  Mach  numbers  over 0.78. 

Airplane  Buffeting 

No aileron  "buzz" as such  was  observed. A general  buffeting  of 
the  flaps  and  ailerons  was  noticed  but  it  was  believed  to  be  the 
result  of a loose-fitting  aileron  tab  hinge  and  improper  installation 
of  wing  flap  stops.  Considerable  "sucking-in" of the  flaps  and 
ailerons  was  noticed.  This  surface  distortion  appeared  to  accompany 
changes in airplane  angle  of  attack  and  resulted  in  slight  changes 
in  airplane  trim  that  were  apparent to the  pilot. 

The  following  characteristics  were  noted  during a brief  flight 
investigation  of  the  longitudinal-stability  characteristics  of a 
Y??-84A airplane (Army Serial No. 4559485) at  altitudes  of 15,000 
and 35,000 feet: 

1. In steady  flight,  wings  level,  the  airplane  experienced a 
pitching-up  tendency at a Mach  number  of  approximately 0.80. Large 
push  forces and domelevator angles  were  required  for  further 
increases  in bch number.  The  push  forces  became  excessive  before 
the  airplane  buffeting  became  serious.  It  is  believed  that  excessive 
elevator  control  force  would  be  the  limfting  factor in attaining  Mach 
numbers  above 0.84, especially  at  the  lower  altitudes. 

2. The  elevator  stick-force  gradients  at  normal  accelerations 
UP to  the  maximum  test  value  exceeded  the  maximum  allowable  gradiellt 
at Mxh numbers  over 0.78. 

3. General  buffeting  of  the  airplane  was  noticeable  at  Mach 
numbers  over 0.81. However,  the  buffeting  was  mild  to  moderate  and, 
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in   t he   p i lo t ' s  opinion, was not serious up t o  the maximum speed 
at ta ined (M = 0,84) a t   e i t h e r   a l t i t u d e .  

Ames Aeronautical  Laboratory, 
National  Advisory Committee for Aeronautics, 

Moffett  Field,  California . 
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TAEEE 1.- PRINCIPLE DIMENSIONS OF THE REPU6LIC YF-84A AIRPLANE 
(ARMY SERIAL NO. 4559488) 

Type . . . . . . . . . . . . . . . . . . . . . . . .  jet-propelled  fighter 

I General 
I Span . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6 f t 5 i n .  ' Length ........................ 3 6 f t l G l / 2 i n .  
i Height  (nose  wheel on ground) . . . . . . . . . . . . . . .  12 f t  7 in. 

Area . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 0 s q f t  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 
T a p e r r a t i o . .  . . . . . . . . . . . . . . . . . . . . . . . . .  0.57 
Dihedral  (top  surface) . . . . . . . . . . . . . . . . . . . . . .  4' 
Incidence  (root  section) . . . . . . . . . . . . . . . . . . . . .  O0 
Incidence ( t ip   sec t ion)  . . . . . . . . . . . . . . . . . . . . . .  -2O 

1 
I 

Wings 

Sweepback a t  leading edge . . . . . . . . . . . . . . . . . . . .  6'13' 
Mean aerodynamic chord (M.A.C,) . . . . . . . . . . . . . . . .  7.39 f t  
Airfoil  section . . . . . . . . . . . . . . . .  Republic R-4, 45-1512-9 
Trailing-edge  angle . . . . . . . . . . . . . . . . . . . . . . .  17.5' 
Total   ai leron area . . . . . . . . . . . . . . . . . . . .  25.0 sq f t  
Total   f lap  area . . . . . . . . . . . . . . . . . . . . . .  28.9 sq f t  
Total  dive  recovery  flap area . . . . . . . . . . . . . . . .  2.8 sq ft 

Area . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48.5 sq f t  
Span . . . . . . . . . . . . . . . . . . . . . . . .  1 4  f t  11-5/16 in.  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.6 
Elevator  area (aft  of hinge l i ne )  . . . . . . . . . . . . . . .  13 sq f t  
Root-mea-square chord of elevator . . . . . . . . . . . . . .  0.99 f t  
Incidence.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0' 

, Dihedral (Jig reference  l ine) . . . . . . . . . . . . . . . . . . . .  5' 
Afrfoil  section . . . . . . . . . . . . . . . . . .  Republic R-4, 40-010 
Trai l inpedge angle . . . . . . . . . . . . . . . . . . . . . . . .  14' 

Rudder area ( a f t  hinge line  including tab) . . . . . . . . .  7.4 sq f t  
Height above fuselage  center  line . . . . . . . . . . . . . . .  8.1 f t  
Root-mean-square chord of rudder . . . . . . . . . . . . . . .  1.21 f t  

Trailing-edge  angle . . . . . . . . . . . . . . . . . . . . . . . .  14' 

Normal gross weight ..................... 12,500 lb 
Wingloading. ...................... 4 8 1 b / s q f t  
Center-ofLgravity  range . . . . . . . . . . . . . . .  22 t o  1% M.A.C. 
Normal center of gravity . . . . . . . . . . . . . . . .  26.25% M.A.C. 

Horizontal t a i l  

Vertical  t a i l  
Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 O s q f t  

Airfoi l   sect ion . . . . . . . . . . .  .' . . . . . .  Republic R-4, 40-010 

Weight  and balance 

nominal tes t  center of egravity . . . . . . . . . . . . .  28.3s M.A.C. 
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FIGURE LEGENDS 

Figure 1. - Republic YF-8hA airplane. 

Figure 2." Three-quarter  front view, Y F a h A  airplane. 

Figure 3." Threequarter rear view, W-84~ airplane. 

Figure 11.- Control  forces and elevator  angles  required for balance at 
various Mach numbers. Normal acceleration lg; c.  Q .  28.3 percent 
M. A. C . ; YF"8bA airplane.  

Figure  5.-Variation of control  force and elevator  angle  with normal 
acceleration i n  turns a t  35 000 f e e t .  C.g., 28.3 percent M.A.C.; 
YF- 81;A airplane.  

Figure 6.- Elevator  control-force  gradients i n   t u r n s  a t  three normal 
accelerations.  Altitude, 35,000 fee t ;  c.Q., 28.3 percent M.A.C.; 
YI?-CI+A airplane.  

I 
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Figure 2.- Three-quarter front view, YE-84A airplane. 



. Figure 3 .- Three-qwter rear view, YF-84A airplane. 
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